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Abstract 
Indonesia has serious problems of educational infrastructure where thousands school facilities are in poor condition. In 2011 
182.500 classrooms were moderately damaged and 110.598 ones were in severe condition. In order to find a cheap, quick and 
sustainable solution for the problem above, a design of bamboo building for school is proposed. In this research, internal forces 
were analyzed by computer software, Structural Analysis Program 2000 v11. Bamboo used for elements of structure is wulung 
bamboo (Gigantochloa atroviolacea widjaja) and the analysis based on SNI-5 2002 (Standard for Timber Construction Design 
Procedures in Indonesia). Construction cost was estimated based on SNI (Indonesian National Standard). For bamboo elements 
which the unit price calculation guidance is not available yet, data survey from the bamboo contractors were used. From the 
design, most of the elements require bamboo with external diameter of 10 cm. The construction cost estimation range from 
IDR742,398.02/m2 to IDR795,145.22/m2 (1 USD = 10,000 IDR) in Yogyakarta per May 2013, depend on the design type. The 
proposed design save construction cost up to 50% compared to conventional building (Rp 1,500,000/m2) in Yogyakarta. 
© 2014 The Authors. Published by Elsevier Ltd. 
Peer-review under responsibility of organizing committee of the 2nd International Conference on Sustainable Civil Engineering 
Structures and Construction Materials 2014. 
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1. Introduction 
1.1. Situation review 
Indonesia has serious problems in educational infrastructure. The state often has limited ability to afford proper 
school facilities for its people, especially in rural areas. Due to this problem, many of the people deprive the basic 
needs of education.  Currently in many places both in rural and urban areas a lot of the schools are in improper 
condition. Moreover, school buildings in many rural or disadvantages areas are not only in improper condition, but 
also lack in number itself. 
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Data compiled by the Ministry of National Education in 2011 shows the number of medially damaged classrooms 
reached 182.500 while 110.598 others were severely damaged [1]. In 2011 number of damaged school that had been 
rehabilitated reached 21.500 classrooms. 
1.2. Bamboo as main building material 
A solution to alleviate the lack of educational infrastructure problem is by utilizing bamboo as school building. 
Bamboo was chosen since in Indonesia it will be easier to acquire bamboo, especially in rural and disadvantages 
region rather than procure other building materials such as concrete or steel. 
A sample of the use of bamboo as school building is implemented in an elementary school located in West Java, 
SD N Singajaya. After the area was struck by a devastated earthquake, the school building was collapsed. The 
reconstruction of the school used bamboo as its main material. Construction of these schools cost about Rp 
500,000/m2 much cheaper than the cost provided by the government, which reach Rp 1,700,000/m2 for brick-cement 
buildings [2]. 
Even though bamboo requires low cost, this material has poor durability. In general, the untreated bamboo has an 
average life span of 1-3 years when it is directly exposed to soil and atmosphere. When it is used under cover, the 
life expectancy of bamboo increases to 4-7 years but it could reach as high as 10-15 years in favourable condition 
[3]. 
In order to prolong the life of bamboo, bamboo must be preserved. The most recent technology in bamboo 
preservation is the chemical use. The method injects chemical solution to the bamboo. A borates-preserved bamboo 
is expected to have 50 years of service life. 
2. Structural design 
2.1. Material 
Material used in the design is Wulung-Black bamboo (Gigantochloa atroviolacea widjaja). Strength of bamboo 
referred to Siopongco and Munandar [4] can be seen in the Table 1. 
Table 1. Mechanical properties of bamboo. 
Properties Value (kg/cm2) Number of Specimens 
Tensile Strength 1180-2750 234 
Bending Strength 785-1960 234 
Compression Strength 499-588 234 
E compression 55900-211820 234 
Unit Weight 0.67-0.72 kg/cm3 132 
 
Another research about mechanical properties of bamboo was also done by Saputro [4] and Purnomo [5] by using 
Wulung-Black bamboo. Their research gave average values of bamboo’s mechanical properties as written in Table 
2. 
Table 2. Mechanical properties of bamboo [4,5] 
Properties Average Strength (MPa) Saputro [4] Purnomo [5] 
Tensile Strength 238.58 227 
Bending Strength 149.52 - 
Compression Strength 40.9 26.58 
Shear Strength 16.8 5.8 
Elastic Modulus 19500 - 
Volume Weight 0.79 kg/cm3 - 
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The most conservative values from Siopongco and Munandar [4], Purnomo [5] and Saputro [4]  were chosen. The 
conservative values mean the smallest ultimate strength of bamboo was chosen in the design. Reference design 
values were used in the design is presented in Table 3. 
Table 3. Reference design values. 
 
Parameters Value 
Unit Weight G 8000 N/m3 
Elastic Modulus Ew 12000 MPa 
Compression Strength Fc 25 MPa 
Bending Strength Fb 80 MPa 
Tensile Strength Ft 120 MPa 
Shear Strength Fv 5.80 MPa 
 
2.2. Loadings 
Loading combination for the design use the concept of Load Resistance Factor Design (LRFD). The combination 
referred to SNI-5 2002 (Standard for Timber Construction Design Procedures in Indonesia). 
 
In the design, assigned loads to the structure are : 
- Dead Load (DL+DL1) 
Dead load from the roof  (DL1roof)  = 50 kg/m2 
Dead load from the windows DLwindows  = 408+120  
= 528 N/m 
- Live Load (La) 
Live loads were assigned are pointed load of human as big as 1000 N 
- Rain Load (RL) 
Rain load and wind load assignation process was alike dead load, by transforming area-distributed load into point 
load on where purlins were planned to be placed.  
qrl  = 40 – 0.8α   ; α = roof pitch = 25o 
      = 40 – 0.8 x 25 = 20 kg/m2 
 
- Wind Load (WL) 
- Used minimal wind pressure = 25 kg/m2 
- Coefficient of pushing wind = 0.02α – 0.4  
= 0.02x25– 0.4 = 0.1 
Pushing-wind pressure  = 25x0.1 = 2.5 kg/m2 
- Suction-wind Coefficient = 0.4 
Suction-wind pressure  = 25 x 0.4 = 10 kg/m2 
- Quake Load (QL) 
Quake load analysis was done using response spectrum analysis. Response spectrum that was used are spectrum 
for Class 4 Earthquake (ground acceleration = 0.2 g) and medium-hardness soil. Scale factor was used is described 
as follows: 
 
Building priority factor ( I ) = 1 
Structure ductility factor ( R ) = 1.6   Fully elastic structure 
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Scale Factor (Sc)  =  =   
= 6.13 
 
Quake load was distributed 100% in Y direction and 30% in X direction. 
2.3. Structural analysis 
Structural modelling of the proposed school building was done by using computer software, Structural Analysis 
Program (SAP) v.11. The model is building with 4 rooms with length of 31 m ( 3x8 m + 1x7 m ) and width of 7 m. 
The floor plan and the model can be seen in Fig. 1 and  2.  
In the model, the joints were assumed not to be able to support moment. This is because the embedded column to 
the foundation is not depth enough. However, joint between column and foundation was pinned by bolt (see Fig. 
1d). This connection support horizontal force but cannot support moment. From the assumption moment in 2 
direction (Moment2-2) and 3 direction (Moment3-3) were released. In the model, were used 4 types of cross sections. 
Detail for frame and joint release can be seen in the Fig. 2. 
 
 
 
 
 
 
 
 
Fig. 1. (a) Floor plan; (b) Structural model; (c) Frame and joint release; (d) Connection between column and foundation. 
a 
b c 
d 
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2.4. Elements capacity control 
In order to simplified the analysis, the structure elements were divided into 13 groups. Each group has same 
section and length which mean each element in one group have the same properties and capacity. Fig. 2 shows the 
classification of group and its label. 
 
Fig. 2. Element label. 
Control of element capacity used the algorithm which presented in Equation 1,2 and 3 
 
1. If  Mux and Muy = 0 and Pu (Compressive axial force) 
Interaction  =            (1) 
2. If  Mux and Muy (Bending Moment)   ≠ 0 and Pu  
(Compressive axial force)  
Interaction  =         (2) 
3. Tu (Tensile axial force) 
Interaction  =          (3) 
The subscript u means the ultimate forces which obtained from structural analysis while subscript n means 
nominal capacity. In general nominal capacity of element is calculated by using Equation 4. 
Fn = λ.Φ.Π.Ci.F          (4) 
Where : 
Fn = nominal strength of element 
λ = time effect factor 
Φ = resistance factor (see table 4) 
Π.Ci = service time correction factor 
F = reference design strength 
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Table 4. Resistance factor (Φ). 
 
Type Symbol Value 
Compressive 
Bending 
Stability 
Tensile 
Shear/Torsion 
Connection 
ϕc 
ϕb 
ϕs 
ϕt 
ϕv 
ϕz 
0.90 
0.85 
0.85 
0.80 
0.75 
0.65 
From Equation 1, 2 and 3, the result must not exceed 1. Result from the capacity control can be seen in Table 5. 
 
Table 5. Recapitulation of axial-moment interaction (External diameter of bamboo 10 cm). 
 
Element Utilized as Length (m) Interaction 
1 Truss 2.48 0.1386 
2 Truss 2.48 0.1404 
3 Truss 1.48 0.2607 
4 Truss 1.18 0.1085 
5 Truss 1.18 0.0513 
6 Truss 0.71 0.0762 
7 Truss 0.44 0.0366 
8 Truss 4.50 0.0781 
9 Column 2.70 0.0386 
10 Column 4.00 0.1909 
11 Column 2.73 0.1517 
12 Beam 3.50 0.0326 
13 Beam 2.67 0.3554 
14 Bracing 2.90 0.0628 
 
From the result above, the interaction seems too small (<< 1). The small interaction means overdesign. However 
when the building was modelled by using bamboo with external diameter of 8 cm, the interaction will close to 1. In 
addition if bamboo used for structure have diameter of 7 cm, it will be unsafe. Considering that bamboo has non-
uniformity and anticipating the error during construction, the use of bamboo with diameter of 10 cm is strongly 
recommended. The section of designed bamboo school building is presented in Appendix 1. 
2.5. Bolt connections 
The connection in each joint use bolt with diameter of ½’. However theoretical approach to calculate the strength 
of bolt connection in bamboo is not developed yet. In this design, bolt capacity referred to experimental research. 
The capacity of bolt connection was taken from Purnomo [8]. Purnomo researched the capacity of bolt connection for 
Wulung Bamboo. The result from his experiment is shown in Fig. 3.  
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Figure 3. Diagram of connection load vs. deflection. 
From these researches, maximum capacity of connection, whose failure dominantly happened from bamboo. Using 
those conditions, it would be applied as design for connection of bamboo with 10 cm external diameter (P.S.: 
external diameter of specimens approximately 8 cm). 
 Ultimate capacity of bolt 
From the diagram we got (Zu) = 1,000 kg  
= 10,000 N = 10 kN 
 Nominal capacity of bolt 
Zn = λ . Φx . Zu  = 0.8 x 0.65 x 10 = 5.2 kN 
 Number of bolt needed 
Number of bolt needed was calculated from maximum axial force in every element divided by nominal capacity 
of a bolt.  
 
Nr =  
The number of bolt required by each joint is shown in the Table 6. 
Table 6. Number of bolt needed for each element. 
Element Max. Axial Force (kN) Number of bolt needed 
1 14.00 2.69 3.00 
2 13.48 2.59 3.00 
3 9.36 1.80 2.00 
4 5.10 0.98 1.00 
5 5.07 0.98 1.00 
6 7.80 1.50 2.00 
7 3.30 0.63 1.00 
8 8.91 1.71 2.00 
9 - - - 
10 - - - 
11 8.65 1.66 2.00 
12 2.69 0.52 1.00 
13 0.81 0.16 1.00 
14 1.32 0.25 1.00 
3. Construction cost estimation 
Analysis of resources needed in bamboo construction is not available yet. This information is necessary for 
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construction cost estimation. In order to acquire these informations, observations were conducted. Interview and 
field observation were conducted in two bamboo contractors in Yogyakarta, Sahabat Bambu and Bambu Awet. One 
of some projects in Sahabat Bambu is Egois Café which has quite similar design with this research. Similarity to this 
project was benefit for this research. The benefit is that the rate of work could be known quite accurately. According 
this condition usage rate in this research is refer to this project is presented in Table 7. 
The construction cost was calculated using 5 options of design type. The difference between each designs are the 
floor tile and the 1m height of wall in the bottom of the building Fig. 4 show the cross section and design of the 
classroom which bamboo as the main material building. The specification for each building type and the 
construction cost calculation can be seen as follows: 
 
General Specification (All design type) 
Table 7. Usage rate of manpower in bamboo work. 
Description Usage Rate Unit 
1 Bamboo Frame Construction   
Labour 6 man-days 
Bamboo Carpenter 3 man-days 
Foreman 1.5 man-days 
1 Bamboo Frame Erection   
Labour 2.67 man-days 
Bamboo Carpenter 0.54 man-days 
Foreman 0.54 man-days 
1m of Bamboo Beam Work   
Labour 0.09 man-days 
Bamboo Carpenter 0.045 man-days 
Foreman 0.023 man-days 
   
Description Usage Rate Unit 
1m2 of  Bamboo Strip Wall Work   
Labour 0.5 man-days 
Bamboo Carpenter 0.5 man-days 
Foreman 0.167 man-days 
1m2 of Bamboo Gedhek Wall Work   
Labour 0.167 man-days 
Bamboo Carpenter 0.167 man-days 
Foreman 0.056 man-days 
1m of Bamboo Purlin Work   
Labour 0.041 man-days 
Bamboo Carpenter 0.021 man-days 
Foreman 0.01 man-days 
1m2 of  Bamboo Rafter Work   
Labour 0.115 man-days 
Bamboo Carpenter 0.115 man-days 
Foreman 0.038 man-days 
1m2 of Roof Batten Work   
1 Preparation : measuring and bouwplank. using wood class III 
2 Earthwork : excavation. backfilling. soilfilling. sandfilling. gravel sand filling under 
foundation 
3 Foundation : stone masonry 1pc : 5 sand. brick 1pc : 5 sand 
4 Reinforced concrete : concrete fc’ 20 Mpa 
5 Bamboo work : preserved black-wulung bamboo. longdrat ½ “ 
6 Roof : clay   rooftile   (plentong).   wood  class   III  roof  batten. bamboo rafter 
7 Ceiling : gedhek for ceiling 
8 Door and Win. Frame : kamper wood 
9 Varnish : all part of bamboo that have not been varnished yet. must  be varnished 
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Description Usage Rate Unit 
Labour 0.067 man-days 
Bamboo Carpenter 0.067 man-days 
Foreman 0.033 man-days 
1m2 of Bamboo Gedheg Ceiling Work   
Labour 0.077 man-days 
Bamboo Carpenter 0.038 man-days 
Foreman 0.019 man-days 
 
(a) 
 
 
(b) 
 
Fig. 4. (a) Cross section ; (b) Classroom design. 
Table 8. Particular specification and construction cost estimation (each design). 
Design Type Bottom Wall Floor tile Price per m2 
1 W1 F1 Rp 756,305.87 
2 W1 F2 Rp 742,398.02 
3 W2 F1 Rp 781,602.13 
4 W2 F2 Rp 767,694.28 
5 W2 with additional 1 m wall in front of verandah F1 Rp 795,145.22 
 
W1 = Bottom Wall using varnished  bamboo strip  
W2 = Bottom Wall using Painted Brick wall 
F1 = Floor Tile use 30x30 cm white ceramic tile 
F2 = Floor Tile use 20x20 cm gray cement  tile 
 
4. Conclusion 
A bamboo school building has been successfully designed as an alternative elementary school building. It is 
expected to alleviate educational infrastructure problems. Wulung bamboo with diameter of 10 cm was used for 
almost all parts of building structures and architectural components. 
The cost estimation for constructing this bamboo school building ranges from Rp 740.000/m2 to Rp 800.000/m2 
in Yogyakarta per May 2013. The costs are different depend on the design type. The cost approximately save 50% 
compared to cost for conventional building (in which estimated as much as Rp 1,500,000/m2 in Yogyakarta). The 
save might be much higher if it is compared to the cost for constructing conventional building in other areas 
especially in rural areas or underdeveloped regions such as Papua where conventional school building costs about 
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3.844.000/m2. 
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